The value of oil, natural gas, and by-product reserves varies significantly across the Western Canadian Sedimentary Basin. The differences in composition of crude oil, natural gas, and associated by-products result in differences in the values of the reserves. The variation in the capital and operating costs necessary to develop and maintain production also impacts the values. Contrasting provincial and freehold royalties, compounded by federal and provincial income taxes, further add to the differences. All of these factors must be considered when evaluating reserves-beware of short cuts.
Introduction
Every year, particularly during the winter months, engineers and geologists prepare estimates and evaluations of oil and gas reserves. Companies undertake this work internally using their own technical staff and/or externally using independent consulting firms. The evaluations are prepared for all types of entrepreneurs and companies involved in producing oil, gas, and by-products, including mineral owners (freehold, provincial, and federal), oil and gas producers (individual entrepreneurs and minor and major companies), and government agencies (provincial, state, and federal). The evaluations are used for corporate reserves management, acquisition and divestment, equity financing, lending and borrowing, estate settlement, regulatory control, and litigation.
The evaluation procedure is universal for establishing the value of upstream oil and gas assets, thus, everyone engaged in oil and gas activities relies on this information. Technical professionals require evaluations for planning and development of oil and gas fields and transportation facilities. Financial officers use them for establishing value and making business decisions. Accountants require them when auditing the financial statements of oil and gas companies. Bankers set their lending value on independent evaluations. Securities Commissions and Stock Exchanges require evaluations to regulate filings in the equity markets.
Because of the accelerated business in the oil and gas industry in the past 20 years, the demand for independent evaluation services has increased significantly. As a result, these independents have created large databases of reserve estimates and financial information. This paper presents the results of a study undertaken by several staff members of Sproule Associates Limited to develop unit values of reserves across the Western Canadian Sedimentary Basin using Sproule's database that was created during the 1997-1998 evaluation season. In addition to using this information for Sproule's internal uses, this paper makes the data available to the industry. There are many dangers in using this type of financial information, expressed as a unit of reserves basis; but, if the process is understood, it can be very valuable. The advantages and disadvantages of using these data are discussed in this paper.
Establishing Value
When trying to establish the value of an asset in any walk of life, one should focus on the adage: "The value of any asset is a function of the ability of that asset to generate future income (1) ."
In the oil and gas industry, the value of future income, in the form of cash flow projections, is based on the Discounted Cash Flow Method. The method yields several net present value and other economic indices, which are then used to establish value.
In evaluating the upstream segments of the oil and gas industry, there are three basic assets to consider:
1. Oil, gas, and by-product reserves 2. Unproven properties, where reserves have yet to be discovered 3. Production and processing equipment The Discounted Cash Flow Method forms the basis of evaluating each of these assets. Since all of the parameters used in the method are projections into the future, the first step in the process is to assume certainty for each parameter. After preparing the base case(s), the inherent uncertainties associated with each parameter must be addressed. The procedure that is most common is the Expected Value Method, where the probabilities of success and failure are applied to each case prepared under certainty. When a significant uncertainty exists, several cases may be considered, with appropriate probabilities assigned to each. A Monte Carlo simulation is a more sophisticated method of applying uncertainty in an evaluation. It is important to note, however, that the confidence in the answer is solely a function of the quality and quantity of data used in the evaluation.
Certainty, uncertainty, and risk are common terms used in the oil and gas industry. Many times they are used interchangeably; however, there is a difference. The terms certainty and uncertainty refer to the accuracy of a particular estimate. Certainty means there is a high degree of accuracy; uncertainty means there is a low degree of accuracy. In either case, the ultimate value that will be realized can be either larger or smaller than originally estimated, depending upon the degree of accuracy of the data used in making the estimate.
Risk, on the other hand, means that there is only a possibility of loss. When applying the risk method, the base estimate assumes the best-case scenario, so the ultimate value will usually be less than the estimate.
These concepts are very important in preparing and reviewing oil and gas evaluations, because what is important is to be able to determine the expected value that would be obtained if the opportunity could be exploited over and over again. Operators can't do this in the oil and gas industry, but do exploit many different opportunities. By focusing on the average of each individual case, one can expect to average out on the total ventures, though some will be better than expected, and some will be worse than expected.
Oil, Gas, and By-Product Reserves
Because this paper focuses on the value of oil, gas, and byproduct reserves, greater detail is provided on the evaluation of reserves than on the other two assets. The basic steps that are followed in evaluating reserves are:
a • Net Present Value, before and after tax After preparing evaluations using the Discounted Cash Flow Method, and assuming certainty for all the parameters, the next step is to consider the degree of accuracy of the parameters. The uncertainty can be categorized as follows:
• Technical Uncertainty • Economic Uncertainty • Political Uncertainty As was mentioned earlier, several methods are available for the application of uncertainty, including the following:
• Expected Monetary Value • Decision Tree • Monte Carlo Simulation It is important to note that all of these methods use some form of probability theory, as well as statistical methods for the application of risk. The adjustment of discount rates should never be used as a short-cut approach to incorporate risk. This approach will undoubtedly result in missing good oil and gas opportunities.
When, and only when, the above processes are complete can a realistic value of assets be established. The important economic yardsticks that an experienced evaluator uses are as follows:
• Historically, the most common method of estimating reserves and preparing respective evaluations has been the deterministic method. In this method, single estimates of each parameter are selected and one computation is made to obtain a single answer. The confidence in the answer depends upon the criteria used to select the individual parameters. If pessimistic values are selected, then the answer will be pessimistic; conversely, if optimistic values are selected, then the answer will be optimistic. How pessimistic or optimistic the answer will be cannot be determined without using statistical methods. The interrelation between parameters and the exclusivity and independence of variables can greatly skew the answer-sometimes in a direction that is not inherently obvious.
With the tremendous improvements in data analysis through the use of computers, evaluators are able to use proper statistical methods for dealing with uncertainty. The approach is referred to as the probabilistic method which uses distribution curves for each parameter and puts them into sophisticated computer models such as a Monte Carlo Simulation. The model, in turn, produces a distribution curve for the answer, and provides measures of central tendency (mean, median, and mode), which are supported by measures of dispersion (range, standard deviation, percentiles). Both deterministic and probabilistic methods have to give the same answer if applied properly. The industry, however, is still far from relating the two methods. As was noted previously, the important thing to remember is that the goal of all evaluations is to determine the expected value (average or mean).
It is not the intent of this paper to expand on reserve definitions or on the deterministic versus probabilistic evaluation methods. Papers which address definitions have been written by the author (2, 3) .
Unproven Properties
We are all too familiar with the evaluation of oil, gas, and byproduct reserves; however, companies' unproven properties also have value. The process is the same as evaluating reserves, but because of the major uncertainties associated with these assets, risk must always be applied in determining the value of such properties. The most common methods are the Expected Monetary Value and Monte Carlo Simulation methods.
Production and Processing Equipment
The value of equipment used to produce and process a company's reserves of oil, gas, and by-products is intrinsically included in the value of the reserves and no further value should be assigned. However, in the case where the company is custom-processing other companies' hydrocarbon products, this adds cash flow to the company and should be evaluated. Equipment may also have further use after the current reserves production is depleted, and thus may have significant salvage value.
Going Concern Value and Fair Market Value
Going Concern Value (GCV) and Fair Market Value (FMV) are terms often referred to in the evaluation business. The main difference in these values results from the tax treatment of continued exploitation or disposition of a company's reserves.
Values of Oil and Gas Companies
As was previously mentioned, the upstream assets of an oil and gas company consist of its inventory of oil, gas, and by-product reserves, its land holdings, and its production and processing equipment. The balance sheet of an oil company records the value of its remaining reserves and lands as the cost to acquire or develop those assets. However, the cost to develop reserves or purchase unexplored lands is unlikely to be an indication of their value today.
To overcome this problem, the value carried under Property, Plant, and Equipment on the asset side of the balance sheet should be replaced with the Going Concern Value (GCV) of the remaining reserves and lands. The GCV is defined as "the value assigned to an asset that is already owned and that will be kept for future exploitation." It is not the value if the asset is sold as a resources property.
The determination of the GCV of reserves is based on the Discounted Cash Flow Method on an after-tax basis. The after-tax cash flows should use not only future investments to protect income from taxes, but also any unused tax pools (CEE, CDE, COGPE, and tangibles subject to CCA) held by the company. Any prepayments to be repaid in the future, and all abandonment and reclamation costs should also be included in the cash flow forecasts. The after-tax cash flow, discounted at an acceptable rate, gives the GCV to replace the remaining undepreciated investment carried under Property, Plant, and Equipment.
Because all future taxes and costs are included in the cash flow forecast, the amounts carried as Deferred Taxes, Site Restoration Costs, and Deferred Revenues on the liability side of the balance sheet should be removed.
The value of any explored lands are then determined and added to the value of the reserves. No value is assigned separately to the production facilities, such as gas plants, treating facilities, etc., because the value of these facilities is included in the value assigned to the reserves. The only time that a facility is valued separately is when the interest in the facility is not the same as the interest in the reserves being processed through it, when the company is custom-processing third-party gas, and when salvage value is significantly greater than abandonment costs.
The sum of all assets, less all the liability, gives the GCV of the corporation. The value per share is this value divided by the number of outstanding shares. This is used to make an offer to acquire an oil and gas company.
Sale of Resources Properties
The Canadian definition of Resources Properties for income tax purposes includes oil and gas reserves (and the wells to produce them) and unexplored lands. The direct purchase of resource properties (but not the purchase of shares of a company that owns resource properties) creates a tax advantage for the buyer in the form of a Canadian Oil and Gas Property Expense (COGPE). This COGPE tax pool is equal to the price paid and may be written off at the rate of 10% of the declining balance each year, against all taxable income from any source.
When buying resources properties, purchasers acquire two income streams-one from the production and sale of the oil or gas reserves, and the other from the tax savings generated by the write-off of the COGPE. Because of the competitive nature of the marketplace, buyers must be prepared to pay the full value of both the reserves (or potential reserves in the case of unexplored lands) and the COGPE, if they expect to be successful in acquiring the property.
In this paper, the term Fair Market Value is used to describe the value resulting from the sale of resource properties. It is defined as "the price that a willing buyer would pay to a willing seller, if neither is under any compulsion to buy or sell and both are competent and have reasonable knowledge of the facts." This is the value that an independent evaluator must focus on rather than the Market Value, which may not be the same as the FMV because of differing company financial positions, corporate direction and knowledge of the properties.
When the GCV is known, the FMV can be calculated by grossing up the GCV by a factor F. The factor, which reflects the value of the COGPE, is a function of the write-off rate, income tax rate, and selected discount rate. Given that the COGPE write-off rate is 10% per year on a diminishing value basis, and the discount rate is 8% per year, the current factors for each province are: , it is too big to be ignored. On the other hand, if the company, not the resource property, is purchased, a value that includes the COGPE is far too high. These distinctions must be understood if the correct values are to be assigned.
A complicating factor in the determination of FMV is the fact that part of the price paid is attributed to the tangible assets (generally, the production facilities) acquired with the resources properties. These tangible assets can usually be written off at the rate of 12 1 /2% of their value in the year of acquisition and at 25% of the declining balance each year thereafter. Some tangible assets are written off at other rates. The multiplier for a higher write-off rate is in the order of 1.41, for a discount rate of 8%. The fraction of the total price applied to tangible assets is negotiated by the buyer and the seller, but the fraction must be reasonable to be accepted by the tax department.
Study Constraints
In this study, it is important to note that only proven developed producing oil, gas, and by-product reserves were considered. The cash flows from these reserves only included capital costs necessary to maintain production, and no initial capital costs or unused tax pools were included. The Alberta Royalty Tax Credit (ARTC) was excluded, and as is usual in the evaluation of reserves, no allowance was made for overhead costs or debt expenses. Going Concern Values were therefore based on these discounted aftertax cash flows, whereas the Fair Market Values include the additional value of the Canadian Oil and Gas Property Expense (COGPE). The other major constraints used in the study were as follows:
Study Areas
There are a number of features across the Western Canadian Sedimentary Basin that affect the value of oil, gas, and by-product reserves. In this study, consideration was given to: a. Producing formation • Sandstone to carbonates • Stratigraphic traps to imbricated faulted thrust sheets b. Hydrocarbon composition
• Light to heavy oil • Sweet to sour oil and gas • Low to high GORs • Dry to wet natural gas • Low to high by-product recoveries c. Terrain
• Flat agricultural land to rugged mountain areas • Dry land to muskeg areas • Cleared plains areas to forested lands d. Climate
• Moderate to severe winter conditions • Dry to wet seasons In an attempt to minimize the number of these factors, study areas in British Columbia, Alberta, Saskatchewan, and Manitoba were selected.
Collectively, the areas do not cover all of the Basin, but are good representations of the various reservoir rocks, reservoir fluids, and economic considerations. A brief description of each area is presented in Tables 1 and 2 .
Interests
Only working interest ownership was considered in this study and it was held constant at 100%. To assess the effect of different lessor royalties, each cash flow analysis was run using the following: 
Product Prices
The product prices forecasts that were used in the study are those developed by Sproule Associates Limited, effective March 1, 1998. These forecasts are presented in Table 3 . There are many factors that must be considered in preparing prices forecasts; however, the following are Sproule's basic philosophies:
Light Oil
The West Texas Intermediate (WTI) crude oil forecast, which is the starting point in forecasting oil prices, is reduced to $18.00 U.S. per barrel in 1998. Over the next two years, the WTI price is 
Medium and Heavy Oil
The differential for Hardisty heavy oil is increased to $14.00 Cdn. per barrel to reflect the current pipeline and refining constraints. This differential is forecast to gradually become narrower, returning to the long-term average of $10.00 per barrel by the year 2000. The differentials for Hardisty medium and Cromer medium are forecast in 1998 at $7.00 per barrel and $4.25 per barrel, respectively. 
Natural Gas
The price for natural gas in Canada is a function of supply and demand in North America. Since deregulation in the mid 1980s, producers have gained a significant amount of freedom in negotiating prices with their domestic and American buyers. As a result, an evaluator is faced with a deluge of natural gas prices. Table 3 presents only Sproule's forecast for TransCanada Pipelines Limited in Alberta, CanWest in British Columbia, and direct sales in Saskatchewan. Although a slight reduction is expected in the U.S. price of natural gas, a price increase is anticipated in Western Canada; the difference between U.S. and Canadian prices reflects the cost of transportation between the two countries. The average plant gate price of natural gas in Alberta is forecast to be $1.80 Cdn. per MMbtu. This price is capped at $2.20 per MMbtu in 1998 dollars. Equivalent inflation and exchange rates as described previously are also used in forecasting gas prices.
By-Products
Arguments about supply and demand, as they are used for predicting oil and natural gas prices, are similarly used to develop by- 
Discount Rates
The FMV and GCV are based on the Discounted Cash Flow Methods and proper risk analysis procedures, and must concur with what can be expected in the marketplace under Fair Market Value conditions. The process involves benchmarking evaluations with actual transactions to establish economic indices that will result in a match. There are many philosophies of how these indices are established.
It is the authors' belief that an 8% discount rate applied to an after-tax cash (AT) flow gives a good indication of value. For good quality conventional oil and gas production, the 8% AT cash flow will yield an acceptable internal rate-of-return for today's perceptions of future interest rates and a reasonable cumulative cash flow projection until payout of the FMV or GCV.
Results
For each study area, several representative economic forecasts were extracted from Sproule's database. The information from these cases was modified in accordance with the study constraints, and the resulting data were compiled into three sets of basic information.
Unit Values of Reserves
The unit value of the oil reserves are presented in Tables 4 and The FMV of oil reserves increases as the effective royalty decreases. This is obvious in the table above, as the royalty changes from Old Crown to New Crown to 12.5% Freehold, and also as different provincial royalties and mineral taxes change. The latter is evident in the low unit values in Saskatchewan. Oil quality also affects the value. The highest unit values are in British Columbia, where the properties analysed have a high GOR and associated high NGL content. The values of heavy oil are significantly less than those for light-medium crudes. Heavy oil in the Lloydminster areas in Alberta and Saskatchewan (Areas 7 and 10) has FMVs of $3.33 and $1.41 per barrel, respectively, for New Crown royalties. This effect is mainly due to the current depressed price for heavy oil. The trends in results for the GCV of the oil reserves are similar to the FMV, but adjusted for the effect of the COGPE. The GCV, as summarized below, is effectively reduced by 35% from the FMV, which is the value of the added COGPE. The value of the gas reserves was also determined for the FMV and GCV according to the Old Crown, New Crown, and 12.5% Freehold royalties, as presented in Tables 6 and 7 . Values for both gross and net reserves were calculated. The following table summarizes the FMV for the gas reserves. The FMV of the gas reserves is not as widely spread as for the oil reserves. There are increases when moving from Old Crown to New Crown to 12.5% Freehold royalties and various provincial royalty and mineral tax regimes as observed with the oil reserves. Some noteworthy anomalies are evident in Table 6 . The maximum FMV of gas reserves occurs in Area 9 in Alberta, which reflects the very high liquid content of the gas in the Beaverhill Lake A Pool in the Caroline area. Conversely, the FMV of gas in Area 11 in the Foothills area of Alberta is low primarily due to the higher operating costs associated with the mountainous terrain and the cost of processing sour gas.
Going Concern Value -Oil

Fair Market Value -Gas
The GCV for the gas reserves follow the same trends as for the FMV, but they are reduced by 35% when removing the COGPE 
Before and After Tax Discount Rates
Because of the different royalty rates between and within provincial jurisdictions, and the treatment of royalties when calculating federal income taxes, there is no consistent relationship between before-and after-tax net present values. This phenomenon is illustrated in Tables 8, 9 , 10, and 11 for the oil and gas reserves cases.
The discount rates that have to be applied to a before-tax cash flow to equal the FMV for the oil reserves are summarized in the following Because of the interaction of the various royalties and taxes when performing after-tax evaluations, a wide variance occurs between before-tax and after-tax discounted cash flow values. As presented in Table 8 , the maximum discount rate to be applied to a before-tax cash flow to equal the NPV of the after-tax cash flow discounted at 8% per year is 24.4% in Area 3 (Old Crown), Alberta, whereas the minimum is 11.9% in Area 6 (Freehold), also in Alberta. The other areas exhibit values between these limits.
The GCV before-tax discount rates for the oil reserves are summarized as follows. The relatively lower before-tax discount rates to be applied to the gas reserves compared to the oil reserves is due to lower gas royalties and to the longer life of the gas reserves. Otherwise, the same scatter of results exists for the gas reserves as for the oil reserves.
Before Tax Discount Rates to
Barrels of Oil Equivalent
For some financial analysis, it is necessary to convert all hydrocarbon components to equivalent volumes of a selected component. The most common base is to report all products in Barrels of Oil Equivalent (BOE) but companies with large gas reserves may want to convert all these reserves to Mcf of Gas Equivalent (MGE). In this report, the BOE is used.
Further to selecting a product as a base for the conversion, several procedures can be considered, depending upon the use of the conversion. Conversions can be made on an energy basis, which is all important to the purchasers looking at alternatives for a heating problem. Conversion based on product prices can also be used, but only reflects instantaneous values at the wellhead. When making comparisons between product values, the value conversion is most useful. This calculation was used in determining the BOE equivalent for oil and gas in this study. Usually, the value for light oil forms the basis for the conversion. The majority of light oil in the Western Sedimentary Basin occurs in northern and west central Alberta, as characterized by Areas 2, 3, 4, 5, and 6, and is subject to new Crown oil royalties. Consequently, a value of $ 8.45 was selected as the basis for the BOE conversion.
Not only should natural gas be converted to BOE, but oil with different characteristics and value should also be converted. The procedure here is to divide $ 8.45 by each FMV for oil and gas for each royalty regime, as presented in Tables 12 and 13 . The oil and gas BOE conversions are summarized in the following two tables. Significant differences between study areas are presented in Tables 12 and 13 . Because of the low value for heavy oil in Alberta and Saskatchewan, the BOE for Areas 7 and 10 for old TABLE 11: Discount rates applied to BT cash flows to equal, going concern value -gas reserves, NPV -AT @ 8%, % per year. Crown royalties are 3.10 and 5.99 STB/STB, respectively. The maximum and minimum BOE conversion for gas occurs in Alberta's Area 11 and Area 9, with BOE of 21.67 and 9.09 Mcf/STB. These reflect the low value of gas in the Foothills area of Alberta, Area 11, and the high value in Area 9, for reasons discussed earlier.
This analysis shows the danger of using fixed conversion for BOE equivalent. The standard used in the industry today for converting gas to BOE is 10:1 Mcf/STB. This approach can be very misleading if the operator's gas is subject to factors that divert the equivalency from the fixed value. Also, oil should be converted to the standard quality base to give relative BOE on a value basis. Conclusions 1. The Discounted Cash Flow Method is the universally accepted procedure in evaluating oil and gas upstream assets. 2. Because evaluations of oil and gas assets are based on projections into the future, proper methods must be used to incorporate uncertainties. 3. Regardless of the method used in evaluating oil and gas assets, the important value is the mean or the expected value.
Other data should be presented to portray the uncertainty about the mean. 4. Fair Market Value, which usually refers to the sale of resource properties, also includes the value of the COGPE write-off. 5. Going Concern Value usually refers to the value of an asset already owned and will be kept for future exploitation. The COGPE write-off cannot be used in a GCV calculation. Depending upon the selected discount rate and federal and provincial income tax, the GCV is approximately 35% less than the FMV (8% discount rate and 44.62% Federal plus Alberta tax rate). 6. Many economic indices should be used to establish the FMV and GCV. For fully taxable entities with no prior tax pools, the NPV of the after-tax cash flow discounted at 8% is a reasonable match for market transactions. 7. The unit value of reserves varies considerably across the Western Sedimentary Basin. The prime factor affecting value is the royalties payable and the subsequent treatment of royalties in income tax calculations. Other factors influencing values are type of oil, gas, and associated byproducts, prices for various products, and varying operating costs. 8. The FMV for oil reserves ranges from $12.12 to $0.59/STB and for gas reserves from $1.68 to $0.39/Mcf on a gross reserve basis. The ranges in the respective GCV values are 65% of the FMV ranges. 9. There is no fixed relationship between before-and after-tax evaluations. Because of the different royalty regimes and the respective income tax treatment of royalties, it is strongly recommended that business decisions be made only on an after-tax basis. The before-tax discount rates to equal FMV for oil reserves range from 24.4% to 11.9%, and for gas reserves, from 21.8% to 10.6%. For the GCV, the ranges are 40.1% to 19.7% and 35.7% to 17.1%, respectively. 10. Barrels of Oil Equivalent should be based on a value basis when comparing values of oil and gas reserves. Fixed ratios should be avoided, because they can lead to improper results. In this study, the BOE conversion for oil reserves ranges from 3.10 to 0.70 STB/STB and for gas from 21.67 to 5.03 Mcf/STB. 11. It is also important to note that BOE conversions change with time, as the perception of the values of oil and gas change. Currently, the value of oil reserves is depressed, whereas gas is still reasonably priced. Only a few years ago, when oil and gas prices were high, BOE conversion was very high, reaching an average value of 25 Mcf/STB. 12. The information presented in this paper is based on a limited number of samples of evaluations of properties in the Western Canadian Sedimentary Basin. The samples are, however, reasonable representations of the various hydrocarbon producing regions across the basin, and if used appropriately, can be very useful. It is important, though, to realize that although shortcut methods are useful, they will never replace detailed evaluations of oil and gas assets.
